In the chemical, biological, medical, and optical fields, there are many use of microcomponents three-dimensionally integrated in the microchips of sapphire. The inner surface quality often determines the overall performance, which has now become an urgent problem to be solved in the field of ultra-precision machining. However, the current common machining method can't improve the surface quality effectively. The abrasive flow machining technology offers the effective solution to it. In this paper, we propose a new green method that the modified layer of sapphire made by reacting with high temperature water vapor is removed by using abrasives in a liquid excited by ultrasonic energy.
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Sapphire Material Properties and Microcavity Applications
The sapphire material has stable chemical properties, excellent mechanical properties, good dielectric properties, high tensile strength and thermal shock resistance [1] [2] [3] . The sapphire has very stable chemical properties, resistance to acid and alkali corrosion, high temperature and high pressure. In addition, sapphire also has excellent thermal properties: heat transfer coefficient, thermal diffusivity, specific heat capacity etc [2] . The lab-on-a-chip device is an internal integration of microfluidics, micro-optics, microelectronics, and micro-mechanical components for chemical and biological analysis techniques [4] , Microcavity structures play an increasingly important role in the fields of chemical reactions, bio-analysis, medical testing.
Sapphire Micro-cavity Processing Method
According to the research of related scholars at home and abroad, the current methods for processing sapphire microcavity structures mainly include Bonding technology and In-volume Laser Selective Etching (ISLE).
As shown in Figure 1 , the two sapphire wafers were directly bonded, by the hydrophilic chemical treatment, hydrogen pre-bonding and final high temperature treatment, verifying that the sealed wafer was sealed by the height and shape of the bubble based on an optical interferometer at a pressure of 0 to 60 Pa [5] . Although the method can realize the processing of the sapphire microcavity structure, and the tensile strength at the bonding surface of the cavity structure can meet the requirements of application, due to the hardness of sapphire is high, which increases the difficulty of bonding. the bonding surface precision has to reaches nanometer level, the bonding working environment is better than the 1000-level clean space, and the surface quality at the bonding surface of the microcavity cannot be reduced, due to the need for hydrophilic pretreatment [6] .
Matsuo et al., University of Tokushima, Japan, process optical channels inside sapphire by using laser selective etching [7] , as shown in figure 2 , the microcavity channels were found to have a gridlike spot on the surface of the corroded area after chemical corrosion, resulting in incomplete quality of the inner surface.
Although the article removes residues in the body by increasing the etching temperature, as the etching temperature increases, the surface of the workpiece is accompanied by undesirable phenomena such as pits or cracks. Finally, the authors failed to process the sapphire microcavity structure with smooth inner surface by laser selective etching.
From the above analysis, it is found that although the phase change region can be generated by laser irradiation of the sapphire surface material, the phase change region material removal is realized by chemical corrosion, the processing difficulty of the sapphire is reduced, and the processing of the sapphire microcavity structure is realized. However, the laser radiates the sapphire surface material to produce an indeterminate stripe structure, which is difficult to planarize by chemical corrosion. According to the above analysis, it is found that the inner surface of the optical microcavity structure still has many defects, which is far from meeting the performance requirements of the microcavity structure application field. The current research has not proposed a better method to improve the surface quality, and can only hope to improve the quality of the inner surface of the microcavity structure by other ultra-precision machining methods.
Sapphire Microcavity Polishing Method

Hydration Polishing
The hydration polishing is also called non-abrasive polishing. The working principle is shown in Figure 3 . First, the sapphire substrate is hydrated in the high temperature water vapor provided by the outside to form an alumina hydration modified layer with lower hardness than the base material. Then, the modified layer is removed by the frictional force between the substrate and the substrate by using a wooden polishing disk with a certain pressure to achieve a mirror-level surface quality without a subsurface damage layer [8] . 
Magnetorheological Technology
The principle of magnetorheological , as shown in Figure 4 , is to use a polishing slurry that formed by the action of an externally applied rotating magnetic field as a flexible polishing tool with a small cutting edge to produce micro-removal on the inner surface of a single crystal sapphire microcavity. The magnetorheological technology is mainly achieved by the tangential force generated by the high-speed rotation of the rotating magnetic field, and the force applying to the abrasive grains perpendicular to the surface of the workpiece is very low, so the depth of the workpiece surface is very small. Therefore, the surface of the polished crystal has no subsurface damage layer at all [9] . 
Ultrasonic Vibration Grinding Technology
The working principle of ultrasonic vibration grinding technology is that high-frequency ultrasonic vibration generated by an ultrasonic generator is applied to the workpiece through the horn, driving the irregular movement of the abrasive on the surface of the workpiece to achieve material removal [10] . It can be seen from the working principle that the ultrasonic vibration grinding technology can process non-conductive materials, especially for the processing of hard and brittle materials. The schematic diagram of the ultrasonic vibration grinding sapphire crystal is shown in Figure 5 . Fig. 6 presents a whole idea of the fundamental principle of ultrasonic-hydration Polishing. When high temperature water vapor was injected into the micro-channel in sapphire, the basal plane of sapphire surfaces were easily modified by water to form a mechanically soft surface layer, which is with a structure and hardness close to diaspore. Subsequently, as the media laden abrasive was continuously pushed through the micro-channel axially, the workpiece is made to be vibrated by the ultrasonic tool(horn) at a high frequency at predetermined controlled amplitude. Not only are the abrasive dispersed in liquid excited, but also an acoustic streaming is caused by the vibration given to the workpiece. At this time, the exciting abrasives are carried to the inner surface by the acoustic streaming. It possesses enough power to remove a part of the modified surface layer. Consequently, when the abrasives and fluid come into contact with the workpiece continuously, a layer of material surface is removed by the edges of the abrasive grains. Though the hydration layer is ultra-thin, continuous hydrate layer regeneration after removing by the scratching process of abrasives occur to promote continual polishing to form ultra-smooth inner surface when using an abrasive with hardness between that of hydrate and parent material.
Principle of Hydration-assisted Ultrasonic Abrasive Flow Polishing
In the hydration ultrasonic assisted abrasive flow polishing method, the material removal inside the sapphire microcavity is mainly achieved by the high frequency impact of the abrasive grains in the polishing liquid, so the speed of the abrasive grains in the microfluidic channel, the particle size, and the concentration factor of the abrasive particles. Etc. will affect the surface quality after polishing.
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Conclusions
In this paper, the ultrasonic vibration compound polishing technology is studied for sapphire micropore structure. The principle and influencing factors of this method are introduced. The working principle of processing equipment is introduced preliminarily, and the effect of influencing factors is analyzed.
